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Introduction

P
ancreatic cancer is the fourth leading cause of cancer-related deaths among both males and females in the western world [1] . The international incidence rates of pancreatic cancer vary from five to ten cases per 100,000 a year [2] , and it is more common in the developed countries compared to the developing countries [3] . In the United States, pancreatic cancer is projected to surpass other leading cancers such as breast and prostate cancers to become the second leading cause of cancer by 2030 [4] .
Pancreatic cancer has one of the lowest five-year relative survival rates (6%), where the majority of pancreatic cancer patients die within one year from diagnosis [1, 4] . Some of the reasons for this poor prognosis are (i) inadequate screening procedures [2, 5] , (ii) ineligibility of cancer patients for surgery [6] , (iii) potential risk of other organ damage during surgery [2] , (iv) limited treatment options for metastatic pancreatic cancer, and (v) the inability of prompt detection of cancer among earlystage patients [4, 7] . The few well-known risk factors of pancreatic cancer are age, smoking, and chronic pancreatitis [2, 8] . Some other factors as- Subi Gandhi, 2017 sociated with pancreatic cancers are excess alcohol consumption, coffee drinking, diabetes mellitus, peptic ulcer disease, obesity, H. pylori, gender, race/ethnicity, marital status, insurance status, and aspirin use [2, 7, [11] [12] [13] [14] .
It is important to look at region-specific estimates for pancreatic cancer as the southern US states have distinct gender, racial/ ethnic, social, and environmental factors influencing disease outcomes compared to other regions in the US. For instance, some of the southern states (e.g., Louisiana, Mississippi) have the highest prevalence of obesity in the US, which could be the consequence of low socioeconomic status and unhealthy dietary patterns in these states [15] [16] [17] [18] , and black men living in the southern states are more likely to be obese compared to the other states [13] . Additionally, with the exception of Texas, numerous states in the south have some of the lowest median household incomes per year [19] , a finding corroborated with12 southern states (e.g., Louisiana, Georgia) having the highest rates of low income students in public school attendance [20] .
Pancreatic cancer estimates on incidence, mortality, and relative survival in the general US population have been reported previously [15, 21] . To our knowledge, no studies have been conducted to shed light on these risk estimates in the southern region of the US, and hence, comparisons could not be made using incidence and mortality to identify the high-risk population in the southern region. For both the regions, the aims of this study were to: (i) calculate the overall, gender, age, and race-specific incidence and mortality rates for 2000 to 2008; (ii) estimate race and gender-specific relative, cause-specific, and conditional survivals for the patients diagnosed with pancreatic cancer between 2000 and 2007; and (iii) explore the trends in the age-adjusted incidence and mortality rates for 2000 to 2008 usingthe population-based Surveillance, Epidemiology, and End Results (SEER) program registries.
Methods
Description of SEER Data/Study Population
This study utilized publicly available data from the Surveillance, Epidemiology, and End Results (SEER) program. The program is a population-based cancer registry that aims to cover approximately one quarter of the US population. The cancer cases are reported to the registry from different US regions, and is a source of the most comprehensive incidence and mortality data available to date for various types of cancers prevalent in the United States [22] . The analysis was restricted to the SEER 17 [23] cancer registry to restrict the analysis to the southern United States (Atlanta, Rural Georgia, Louisiana, and Kentucky) and the total US for patients that were diagnosed with pancreatic cancer between 2000 and 2008 that were ≥40 years.
Statistical Analysis
Race, age, and gender-specific age-adjusted incidence and mortality rates for patients diagnosed with pancreatic cancer between 2000 and 2008 were calculated using the SEER program [22] . Trend analyses were performed to calculate the Annual Percent Change (APC) in the incidence and mortality rates. The APC is a way to understand cancer rates over time, where the rates are assumed to increase at a constant rate from the past year. It is also a measure that is comparable across many scales to compare rare and common types of cancers [24] . The incidence and mortality rates were age-standardized using the 2000 standard US population. Linear regression models were fit to test for linear relationships between time (in years) and pancreatic cancer estimates (incidence and mortality). Joinpoint regression model was utilized to test for non-linear relationship using the Joinpoint Regression Program [25] .
For cases diagnosed between 2000 and 2007, the relative, cause-specific, and conditional survivals were calculated. These estimates were calculated for whites and blacks only as the life tables used to calculate the expected survival for other races such as Asians, Pacific Islanders, and Native Americans are not accurate [26] . The relative survival of pancreatic cancer was calculated as a ratio of the proportion of the observed survivors to the proportion of expected survivors. It estimates the effect of a health outcome (e.g., pancreatic cancer) in the absence of competing risks or other causes of death [26] . Conditional survival is a measure of probability of a cohort surviving further than the year of interest, given that the person has survived up to the year of interest after the diagnosis of a disease. It provides valuable information regardinga patient's prognosis for long-term survival [27] . Cancer-specific or cause-specific survival is a net survival from a specific cause or disease (e.g., pancreatic cancer) in the absence of competing causes of death [26] .
Results
Tables 1 and 2 demonstrate the age-adjusted incidence and mortality rates of pancreatic cancer in the SEER 17 southern states and total US, respectively. From 2000 to 2008, there were a total of 11, 273 incident cases and 10,727 deaths reported in the southern states, as compared to the 75, 685 incident cases and 285,696 deaths reported in the total US states. The incidence rates between these two regions did not differ, but the mortality rate in the southern states was slightly higher (25.5 per 100,000) than the total US (24.7 per 100,000). The incidence and mortality rates were higher among males, older age groups (≥ 60 years) and blacks compared to their counterparts in both of the regions.
The overall three-year survival rates between the two regions did not vary significantly from 2000 to 2007; however, the overall five-year survival rate for the southern states was slightly higher compared to the total US states. Similar patterns in three-and five-year survivals were observed for both the genders and all races between the regions ( Table 3) . Even though the overall three-year cause-specific survival was higher for the US total states, a reversal in pattern was observed in the five-year causespecific survival ( Table 4) . Total US black females had a notable increase in three-year cause-specific survival compared to the southern black females. On the contrary, southern white females had a higher five-year cause-specific survival compared to the total US white females ( Temporal trends in age-standardized pancreatic cancer incidence and mortality rates for the SEER 17 southern states and total US are depicted by Figures 1 and 4 . A significant increase in pancreatic incident rate was observed among all races and all females in the southern states, but an increase in incidence rate was seen for all races, both genders in the total US (Figures 1 and 4) . Also, a noteworthy increase in mortality rate was observed in the total US for all races and both the genders, but not in the southern states (Figures 1 and 4) .
When the incident rates were compared among the different racial/ethnic groups between the two regions, white females had a significant increase in the incidence rate in the southern states (Figure 2) , and such increase was noted for both white males and females in the total US ( Figure 5 ). There was a dramatic decline in the incidence rate among Asian/Pacific Islander males in the southern states, but not in the total US (Figures 2  and 5) . Regarding the mortality trends, no significant changes were observed in the rates for different racial/ethnic groups in the southern states ( Figure 3) ; however, significant changes in mortality rates were observed for the whites (overall), and white males and females in the total US (Figure 6 ).
Discussion
This study documents the incidence and mortality rates of pancreatic cancer for the southern and the total US among adults 40 years and older. For the same population, temporal trends, and relative, conditional, cause-specific survivals were calculated to explore the underlying factors influencing morbidity and mortality outcomes in various subgroups. The significant APC change in incidence in the southern states, particularly among whites, could be explained by two major factors. A large health disparity exists in the south; nearly one in five non-elderly southerners do not have health insurance where the largest uninsured group are whites (42%) compared to the other racial/ethnic groups [28] . Moreover, some southern states have the highest poverty rates in the nation [19, 20, 28] contributing to some of the worse health outcomes and chronic illnesses compared to the rest of the nation [29] .
Women are more likely to get their insurance as dependents compared to men, and their risk of losing health benefits increases if they become widowed, divorced, or if their spouses lose jobs through which insurance is provided [30] . This could be one of the key factors why women that are under 65 years are less likely to have health insurance coverage as compared to their counterparts [31] . Nonetheless, why the increase in APC is much higher in southern women compared to the overall women in the US, and especially among white women, needs to be further elucidated. Previous studies have informed that women generally survive longer in industrialized countries and utilize more health care services compared to their male counterparts [32] [33] [34] . Even though women in the south have one the nation's lowest life-expectancies [35] , the aforementioned Subi Gandhi, 2017 factors could have impacted the increase in incidence rates of pancreatic cancer among females.
Another notable finding was the significant decrease in APC in incidence among male Asians/Pacific Islanders in the south; no such pattern was observed for the same ethnic group in the total US. Although the trends in incidence rates for black males in the south and the total US were inconsistent, the incidence rates for black females appeared to be rising (although not significantly) for the two regions, a finding consistent with what was seen for white females. This could indicate that females in the south, more than males as observed nationally, could be at risk for pancreatic cancer.
Consistent with the total US estimates, males and blacks in the southern states had higher incidence and mortality rates from 2000 to 2008 of pancreatic cancer compared to the females and other races respectively. This is also consistent with the presumed risk factors (e.g., pancreatitis, Vitamin D deficiency) that seem to be contributing to the incidence of pancreatic cancer [36, 37] . The increase in incidence rates of pancreatic cancer observed among whites and blacks could be directly associated with their smoking and drinking behaviors [38] . However, the same association between smoking and pancreatic cancer was not observed among American Indians and Alaskan Natives.
This study should be interpreted in the context of some important limitations. Information on other covariates linked with pancreatic cancer such as smoking and excess alcohol consumption were not considered due to the nature of registry, and only age-adjusted estimates were reported. Additionally, there were a limited number of states that reported to SEER registries for the study period, which could compromise the generalizability of our findings as some of these SEER areas may not be representative of the total US population [39] . However, the SEER database provides an accurate representation of the US cancer population due to its large sample size and long follow-up period. Additionally, for quality control, each SEER registry is routinely audited for data accuracy, and registrars are frequently trained for complete case ascertainment and timely reporting [1] . There is also a possibility of selection bias due to migration Subi Gandhi, 2017 ^The Annual Percent Change (APC) is significantly different from zero at alpha = 0.05 and treatment options [40] , but due to the high fatality rate of pancreatic cancer and limited treatment options, these biases are less likely to impact the calculated estimates. This study has two important advantages that make it unique. To our knowledge, there is scarce data on gender and racespecific pancreatic cancer incidence, mortality, and survival estimates in the US southern region. The present study is the first to calculate race and gender specific estimates of pancreatic cancer in the southern US, which could not be teased out by looking at the overall US estimates. Second, a standardized protocol was utilized to collect data from the participants [40] . Therefore, the reported estimates are likely valid and reliable.
In essence, this study demonstrated that the pancreatic cancer burden is increasing in the southern US for persons ≥40 years. Females and whites in the south seem to have higher risks of developing this aggressive cancer annually compared to males and other racial groups nationally. These findings could have implications regarding preventive care services and treatment options for particular subgroups in the south. Therefore, clinicians and public health workers should combine their efforts to increase awareness about this cancer, especially among high risk individuals. Subi Gandhi, 2017 =^The Annual Percent Change (APC) is significantly different from zero at alpha = 0.05 
